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SYSTEMAND METHOD FORMANAGING 
SEMCONDUCTOR MANUFACTURING 

DEFECTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The current application is related to co-owned and 
co-pending U.S. patent application Ser. No. 13/948,811 (At 
torney Docket No. BUR920130071US1), filed on Jul. 23, 
2013, and entitled "In-Situ Computing System Failure Avoid 
ance. 

BACKGROUND 

0002 The invention relates generally to the manufacture 
and performance of semiconductor devices, particularly to 
managing semiconductor manufacturing defects in a manu 
facturing line. 
0003 Computing systems and the integrated circuits (ICs) 
therein are typically designed for a specific total operating 
time or number of power on hours (POH) over their useful 
life, which can be referred to as the design life. This design 
life can estimate the lifespan or reliability of an IC, where the 
elapse of a particular number of POH can act as a flag for 
replacing the product. The aging of a manufactured compo 
nent over time can be predicted mathematically in a“reliabil 
ity model of the manufacturing line which produced the 
component. 
0004 Current manufacturing reliability models use 
expected values of temperature and/or Voltage, such as a 
specification, design, and/or or nominal operating tempera 
ture or Voltage of a system, device, and/or IC chip, at the time 
of design to predict a total operating time of the system. 
However, actual operating conditions (e.g., temperatures and 
Voltages) can vary significantly, altering the actual time 
remaining until failure of the system and/or the systems 
components. In addition, Some products may use Voltages 
that are different from their intended voltage during opera 
tion. IC products may have a true design life that differs 
significantly from what the reliability model of their manu 
facturing line predicts. 

SUMMARY 

0005. A first aspect of the present disclosure provides a 
method of managing semiconductor manufacturing defects. 
The method can include: determining a cumulative aging 
parameter for each of a plurality of first IC products produced 
with a particular manufacturing line, the cumulative aging 
parameter being dependent on a product operating condition; 
calculating an observed defect rate for the plurality of first IC 
products based on a difference between a predicted value of 
the aging parameter and the cumulative aging parameter for 
each of the plurality of first IC products; and adjusting a 
manufacturing reliability model for the particular manufac 
turing line in response to the observed defect rate being dif 
ferent from a predicted defect rate for the plurality of first IC 
products. 
0006. A second aspect of the present disclosure provides a 
system for managing semiconductor manufacturing defects, 
the system comprising: a determining component which 
determines a cumulative aging parameter for each of a plu 
rality of IC products produced with a particular manufactur 
ing line, the cumulative aging parameter being dependent on 
a product operating condition; a calculating component 

Aug. 27, 2015 

which calculates an observed defect rate for the plurality of IC 
products based on a difference between a predicted value of 
the aging parameter and the cumulative aging parameter for 
each of the plurality of IC products; and a modeling compo 
nent which adjusts a manufacturing reliability model for the 
particular manufacturing line in response to the observed 
defect rate being different from a predicted defect rate for the 
plurality of IC products. 
0007. A third aspect of the present disclosure provides a 
program product stored on a computer readable storage 
medium. The program product can be operative to manage 
semiconductor manufacturing defects when executed, and 
the computer readable storage medium can include program 
code for: determining a cumulative aging parameter for each 
of a plurality of IC products produced with a particular manu 
facturing line, the cumulative aging parameter being depen 
dent on a product operating condition, calculating an 
observed defect rate for the plurality of IC products based on 
a difference between a predicted value of the aging parameter 
and the cumulative aging parameter for each of the plurality 
of IC products; and adjusting a manufacturing reliability 
model for the particular manufacturing line in response to the 
observed defect rate being different from a predicted defect 
rate for the plurality of IC products. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0008 FIG. 1 is an illustrative plot of an example cumula 
tive aging parameter versus system operating time for an IC 
product according to an embodiment of the present disclo 
SUC. 

0009 FIG. 2 is an illustrative environment which includes 
a computer system interacting with IC products according to 
an embodiment of the present disclosure. 
0010 FIG. 3 is a schematic illustration of an IC product 
with a system for monitoring IC product operating conditions 
according to an embodiment of the present disclosure. 
0011 FIG. 4 is a schematic illustration of a manufacturing 
line and IC products according to an embodiment of the 
present disclosure. 
0012 FIGS. 5-6 are example flow diagrams of methods 
for managing manufacturing defects according to embodi 
ments of the present disclosure. 
0013. It is noted that the drawings of the invention are not 
to scale. The drawings are intended to depict only typical 
aspects of the invention, and therefore should not be consid 
ered as limiting the scope of the invention. In the drawings, 
like numbering represents like elements between the draw 
1ngS. 

DETAILED DESCRIPTION 

0014. In the following description, reference is made to 
the accompanying drawings that form a part thereof, and in 
which is shown by way of illustration specific exemplary 
embodiments in which the present teachings may be prac 
ticed. These embodiments are described in sufficient detail to 
enable those skilled in the art to practice the present teach 
ings, and it is to be understood that other embodiments may 
be used and that changes may be made without departing 
from the scope of the present teachings. The following 
description is, therefore, merely illustrative. 
00.15 Because of variations in temperature, voltage, and 
other operating conditions, the aging of an IC product in a 
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particular environment (e.g., a computing system) can 
increase or decrease, causing the IC product to fail before the 
predicted time for failure or replacement predicted with con 
ventional methods. This situation is illustrated, for example, 
in FIG. 1, which shows a plot of remaining time to fail vs. 
system operating time at various operating conditions. The 
remaining time to fail is a type of "cumulative aging param 
eter. Generally, a "cumulative aging parameter can include 
any physical property which represents an aspect of an IC 
products lifespan, and may include a total operating time, 
effective operating time, etc. Operating an IC product at a 
higher-than-intended temperature, for example, can cause 
Some of the circuitry, components, etc., within the IC prod 
ucts architecture to wear out more quickly and decrease an 
IC products useful lifespan. The cumulative aging param 
eters may depend on particular operating conditions of the IC 
product, Such as temperature, Voltage, stress, strain, etc. The 
Solid line represents a typical curve obtained using a design or 
nominal operating temperature of an IC product. 
0016 A failsafe or “safety window’ can account for some 
variation in operating conditions; at a threshold value of oper 
ating time before an estimated time until failure, a particular 
IC product can be repaired or replaced. However, if the actual 
effective operating temperature is lower than design or nomi 
nal (T(T), failure can occur later, as illustrated by the 
upper dashed line in FIG. 1, and can fall significantly beyond 
the failsafe window. This can result in premature replacement 
of the IC product. Should the operating temperature behigher 
than design temperature (T-T), as illustrated by the 
lower dashed line, failure can occur Sooner, in some cases far 
Sooner, than predicted. This form of accelerated aging can 
cause the IC product to fail, reducing the total capacity of any 
systems or products in which the IC product is used. It should 
be noted that “time of operation.” “operation time.” and 
“operating time' may be used interchangeably herein, and 
that this quantity is but one type of "cumulative aging param 
eter' which can be measured and used in embodiments of the 
present disclosure. 
0017 Embodiments of the present disclosure can use 
operating parameters from deployed products to manage a 
manufacturing line for producing IC products. Starting with a 
cumulative aging parameter set to a nominal or predicted 
value for each IC product, observed cumulative aging param 
eters can be communicated to a particular manufacturing line 
to update the predictive values stored in a manufacturing 
computer system. Predictive values and models can be stored 
within a “reliability model of a manufacturing line, which 
can quantify the type and probability of defects in the manu 
factured IC products. An in-situ failure avoidance method 
and/or system can monitor one or more product operating 
conditions to compute cumulative aging parameters, such as 
effective operating time and/or exposure of each IC product 
based on the one or more product operating conditions. These 
values can then be used to determine, estimate, and/or derive 
predictive models for estimating the remaining lifespan of 
each IC product. 
0018. In the event that one or more IC products in a par 

ticular system fail, a failure recovery process or action can be 
performed, such as retrying an instruction, repairing a bitcell 
and/or bitline, reconfiguring a computing system to shift load 
away from the affected IC product(s), and/or adjusting con 
trollable product operating conditions (e.g., Voltage), among 
other things. In the event that the failure is not recoverable, a 
failure recovery is not successful, and/or no failure has 
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occurred but a total or effective operating time has passed a 
threshold value, then the IC product can be replaced and/or 
repaired. In addition, workload of the system using the rel 
evant IC product(s) can be adjusted to balance several IC 
products within one system, to age one or more IC products 
faster or slower than others, and/or to achieve other goals as 
may be desired and/or suitable. For example, if two IC prod 
ucts each include cores of a multicore processing chip, and 
one core has degraded or otherwise aged more quickly than 
another core, workload can be shifted to the core with higher 
remaining time to replace so that the two cores can have more 
synchronized aging. This can delay or prevent replacing a 
chip with a core that has significant life left and/or can extend 
the effective life of the chip. 
0019. The above general description of embodiments is 
illustrated in FIG. 1 by the line composed of a series of 
arrows. Each arrow can represent an interval At, during and/or 
after which the cumulative aging parameter(s) can be mea 
sured. For example, an effective operating time for each IC 
product during each interval At, can be determined, and a 
predicted remaining operating time to replace can be updated 
by Subtracting the effective operating time at each interval. 
By tracking the cumulative aging parameters, and adjusting 
the predictions of these values in a reliability model of a 
particular manufacturing line, the system-level manufactur 
ing data can continuously and accurately estimate the char 
acteristics of a group of IC products. In the first interval At 
illustrated, the IC product aged more slowly than originally 
estimated using typical techniques as a result of operating at 
a lower temperature than design (T-T), but in the next 
interval At aging accelerated due to operating at a higher 
temperature than design (T>T), and so forth. The “reli 
ability model” of the semiconductor manufacturing line can 
be adjusted by collecting data from multiple IC products or 
groups of IC products (e.g., performance and failure data) and 
using this information to update the reliability models pre 
dictions. Thus, manufacturers and customers can accurately 
estimate a products true total operating time. 
0020 Turning now to FIG. 2 an illustrative environment 
300 for implementing the method and/or system described 
herein is shown. The method and/or system may be coded as 
a set of instructions on removable or hard media for use by a 
general-purpose computer, and thus may, in embodiments, 
include a computer program product. FIG. 2 is also a sche 
matic block diagram of a general-purpose computer for prac 
ticing the present invention. In particular, a computer system 
302 is shown as including a computing device 304. Comput 
ing device 304 can include a reliability model 306 (which 
may also be referred to as a “manufacturing reliability 
model”), which can manage semiconductor manufacturing 
defects by performing any/all of the processes described 
herein and implementing any/all of the embodiments 
described herein. 
0021 Computer system 302 is shown including a process 
ing unit 308 (e.g., one or more processors), an I/O component 
310, a memory 312 (e.g., a storage hierarchy), an external 
storage system 314, an input/output (I/O) device 315 (e.g., 
one or more I/O interfaces and/or devices), and a communi 
cations pathway 316. In general, processing unit 308 can 
execute program code, such as reliability model 306, which is 
at least partially fixed in memory 312. While executing pro 
gram code, processing unit 308 can process data, which can 
result in reading and/or writing transformed data from/to 
memory 312 and/or I/O device 315 for further processing. 
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Pathway 316 provides a communications link between each 
of the components in environment 300. I/O component 310 
can comprise one or more human I/O devices, which enable a 
human user to interact with computer system 302 and/or one 
or more communications devices to enable a system user to 
communicate with the computer system 302 using any type of 
communications link. To this extent, reliability model 306 
can manage a set of interfaces (e.g., graphical user interface 
(s), application program interface(s), etc.) that enable human 
and/or system users to interact with reliability model 306. 
Further, reliability model 306 can manage (e.g., store, 
retrieve, create, manipulate, organize, present, etc.) data, 
through several modules contained within a defect manage 
ment system 318. 
0022. In any event, computer system 302 can comprise 
one or more general purpose computing articles of manufac 
ture (e.g., computing devices 304) capable of executing pro 
gram code, such as reliability model 306, installed thereon. 
As used herein, it is understood that “program code” means 
any collection of instructions, in any language, code, or nota 
tion, that cause a computing device having an information 
processing capability to perform a particular function either 
directly or after any combination of the following: (a) con 
version to another language, code or notation; (b) reproduc 
tion in a different material form; and/or (c) decompression. To 
this extent, reliability model 306 can be embodied as any 
combination of system software and/or application Software. 
0023. Further, reliability model 306 can include a defect 
management system 318. In this case, various modules of 
defect management system 318 can enable computer system 
302 to perform a set of tasks used by reliability model 306, 
and can be separately developed and/or implemented apart 
from other portions of reliability model 306. As used herein, 
the term "component’ means any configuration of hardware, 
with or without software, which implements the functionality 
described in conjunction therewith using any solution, while 
the term "module” means program code that enables com 
puter system 302 to implement the functionality described in 
conjunction therewith using any solution. When fixed in 
memory 312 of computing device 304 which includes pro 
cessing unit 308, a module is a Substantial portion of a com 
ponent that implements the functionality. Regardless, it is 
understood that two or more components, modules, and/or 
systems may share somefall of their respective hardware and/ 
or software. Further, it is understood that some of the func 
tionality discussed herein may not be implemented or addi 
tional functionality may be included as part of computing 
device 304. 

0024 Several modules of defect management system 318 
are shown in FIG. 2 by way of example. A determinator 
module 320 can issue instructions, commands, etc. based on 
data stored within memory 312 of computing device 304, or 
other pieces of information provided thereto. A calculator 
module 322 can perform mathematical computations, a com 
parator module 324 can compare two or more data quantities, 
a modeling module 326 can or subtract variables to/from or 
otherwise adjust mathematical models, a prioritizing module 
328 can arrange and/or rearrange lists of data or other quan 
tities based on various regimes for ranking information, and a 
diagnostic module 330 can derive related physical conditions, 
quantities, etc. of an item from particular data inputs via 
algorithms, look-up tables, etc. Each module discussed 
herein can obtain and/or operate on data from exterior com 
ponents, units, systems, etc. or from memory 312 of comput 
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ing device 304. In a particular example, the data provided to 
defect management system 318 of reliability model 306 can 
be obtained from, e.g., one or more IC products 350. Each IC 
product 350 can include a respective product design, and in 
some embodiments reliability model 306 can model numer 
ous distinct product designs for IC products 350 produced 
with the same manufacturing line. 
0025. In some cases, each IC product 350 can include 
sensors 410 (e.g., temperature or Voltage sensors) and Sub 
components 352 thereon. Embodiments of the present disclo 
Sure can include additional hardware, Software, etc. on an IC 
product 350 to measure, record, and/or analyze pertinent 
types of data as discussed elsewhere herein with respect to 
FIG. 4. Each IC product 350 can be produced with a manu 
facturing line 500 which can also include manufacturing sub 
components 501 stored thereon. Manufacturing line 500, in 
addition to producing one or more IC products 350, can 
maintain a data communication with IC products 350 and/or 
computer system 302. In addition, a central tracking system 
(CTS) 520 can exchange data and/or communicate with com 
puter system 302, IC product 350, and/or manufacturing line 
500. CTS 520 is an optional data tracking component which 
can maintain data in a location separate and remote from each 
IC product 350 and manufacturing line 500, if desired. 
0026. Where computer system 302 comprises multiple 
computing devices, each computing device may have only a 
portion of reliability model 306 and/or defect management 
system 318 fixed thereon (e.g., one or more modules). How 
ever, it is understood that computer system302 and reliability 
model 306 are only representative of various possible equiva 
lent computer systems that may perform a process described 
herein. To this extent, in other embodiments, the functionality 
provided by computer system 302 and reliability model 306 
can be at least partially implemented by one or more comput 
ing devices that include any combination of general and/or 
specific purpose hardware with or without program code. In 
each embodiment, the hardware and program code, if 
included, can be created using standard engineering and pro 
gramming techniques, respectively. 
0027 Regardless, when computer system 302 includes 
multiple computing devices, the computing devices can com 
municate over any type of communications link. Further, 
while performing a process described herein, computer sys 
tem 302 can communicate with one or more other computer 
systems using any type of communications link. In either 
case, the communications link can comprise any combination 
of various types of wired and/or wireless links; comprise any 
combination of one or more types of networks; and/or use any 
combination of various types of transmission techniques and 
protocols. Computer system 302 can obtain or provide data, 
Such as data stored in Storage system 312, using any solution. 
For example, computer system 302 can generate and/or be 
used to generate data from one or more data stores, receive 
data from another system, send data to another system, etc. 
0028. While shown and described herein as a method and 
system for managing semiconductor manufacturing defects, 
it is understood that aspects of the invention further provide 
various alternative embodiments. For example, in one 
embodiment, the invention provides a computer program 
fixed in at least one computer-readable medium, which when 
executed, enables the management of semiconductor manu 
facturing defects. To this extent, the computer-readable 
medium includes program code, Such as reliability model 
306, which implements some or all of the processes and/or 
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embodiments described herein. It is understood that the term 
“computer-readable medium' comprises one or more of any 
type of tangible medium of expression, now known or later 
developed, from which a copy of the program code can be 
perceived, reproduced, or otherwise communicated by a com 
puting device. For example, the computer-readable medium 
can comprise: one or more portable storage articles of manu 
facture; one or more memory/storage components of a com 
puting device; paper, etc. 
0029. In another embodiment, the invention provides a 
method of providing a copy of program code, such as reli 
ability model 306, which implements some or all of the pro 
cesses described herein. In this case, a computer system can 
process a copy of program code that implements some or all 
of the processes described hereinto generate and transmit, for 
reception at a second, distinct location, a set of data signals 
that has one or more of its characteristics set and/or changed 
in Such a manner as to encode a copy of the program code in 
the set of data signals. Similarly, an embodiment of the inven 
tion provides a method of acquiring a copy of program code 
that implements some or all of a process described herein, 
which includes a computer system receiving the set of data 
signals described herein, and translating the set of data signals 
into a copy of the computer program fixed in at least one 
computer-readable medium. In either case, the set of data 
signals can be transmitted/received using any type of com 
munications link. 

0030. In still another embodiment, the invention provides 
a method of generating a System for managing semiconductor 
manufacturing defects. In this case, a computer system, Such 
as computer system302, can be obtained (e.g., created, main 
tained, made available, etc.) and one or more components for 
performing a process described herein can be obtained (e.g., 
created, purchased, used, modified, etc.) and deployed to the 
computer system. To this extent, the deployment can com 
prise one or more of: (1) installing program code on a com 
puting device; (2) adding one or more computing and/or I/O 
devices to the computer system; (3) incorporating and/or 
modifying the computer system to enable it to perform a 
process described herein; etc. 
0031 FIG. 3 shows a schematic representation of an IC 
product 350 with which embodiments of the present disclo 
sure may be employed. As shown, IC product350 can include 
at least one sensor 410. Such as a temperature sensor, a Voltage 
sensor, an accelerometer, and/or any other Suitable sensor 
and/or sensing device as may be desired, appropriate, and/or 
available now and/or in the future. For example, many semi 
conductor devices currently constructed include temperature 
sensors to monitor particular components and/or other 
devices that are part of the unit. In addition, as shown, an IC 
product 350 can include a plurality of sensors 410 distributed 
substantially uniformly across IC product 350 to enable a 
spatial profile of a sensed operating condition of IC product 
350 to be more easily determined. Examples of parameters, 
Such as operating parameters and/or electrical parameters, 
that may be sensed and/or tracked and/or monitored include, 
but are not limited to, temperature, Voltage, power, stress, 
strain, speed, acceleration, and/or vibration. Each sensor 410 
can be connected to a computer system, such as computer 
system 302 of FIG. 2, such that computer system 302 and/or 
any program running thereon and/or any component and/or 
device therein can access information provided by any sensor 
410. For example, a computer program product in particular 
embodiments can access information provided by sensors 
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410, information gleaned therefrom being usable in operation 
of the computer program product. 
0032 Turning to FIG. 4, a schematic block diagram for 
illustrating Subcomponents 352 and manufacturing Subcom 
ponents 501 in more detail is shown. Embodiments of the 
present disclosure can use data from each IC product 350 
manufactured with a particular manufacturing line 500 to 
update reliability model 306 of manufacturing line 500. Reli 
ability model 306 is shown in FIG. 4 as being part of manu 
facturing line 500 and/or IC product 350. Reliability model 
306 is also shown in FIG.2 as part of computer system 302 as 
an additional or alternative embodiment of the disclosure. 
Reliability model 306 can be stored on computer system 302, 
IC product 350, and/or manufacturing line 500 because reli 
ability model 306 can apply to all circuits in a particular 
productor a Subset thereof, depending on circumstances. It is 
understood that data couplings between computer system 
302, IC product 350, and manufacturing line 500 can allow 
reliability model 306 to be updated in response to conditions 
described herein regardless of which component(s) where 
reliability model 306 is found. In yet another alternative 
embodiment, computer system 302 may be contained within 
manufacturing line 500 instead of being an independent sys 
tem. As shown in FIG.4, manufacturing line 500 can produce 
at least one IC product 350. One IC product 350 is shown in 
detail and other IC products 350 are shown in phantom for the 
purposes of illustration. IC product 350 can include one or 
more sensors 410 for measuring a product operating condi 
tion, e.g., temperature, Voltage, power, stress, strain, speed, 
acceleration, and/or vibration, as discussed elsewhere herein. 
0033. Data repository 354 can record product operating 
conditions (e.g., temperatures and/or Voltages) of IC product 
350 over time and during operation. In addition or alterna 
tively, data repository 354 can be in communication with 
memory 312 (FIG. 2) and/or storage system 314 (FIG. 2) of 
computer system 302, and for example may be a remote 
storage center or storage system distinct from computer sys 
tem302 and its corresponding components. Specifically, data 
repository 354 can be a “central data repository’ (e.g., located 
within central tracking system 520) which may obtain data 
from several IC products 350 by any currently known or later 
developed systems and methods for data collection. In an 
embodiment, data repository 354 can be a central data reposi 
tory which wirelessly obtains data from IC products 350 by a 
wireless communications protocol, e.g., Wi-FiTM, Ultra-Wide 
Band (UWB) radio, BluetoothTM, etc. 
0034). Each sensor 410 can be in communication with a 
failure management system 502 on IC product 350, which 
may be an in-situ system composed of a particular circuit, 
group of circuits, wiring design(s), etc. Failure management 
system 502 can estimate and/or monitor a cumulative aging 
parameter, such as the total operating time of IC product 350, 
by actions including, e.g., determining a total operating time 
or number of power on hours (POH) based on one or more 
product operating conditions (temperature, Voltage, etc.), a 
failsafe or safety window, average or “effective' operating 
temperatures over particular tracking intervals, comparisons 
between an observed and predicted time to replace, etc. In 
addition, failure management system 502 can affect the 
operation of IC product 350 by redistributing loads based on 
the collected and analyzed information. 
0035. The information obtained with sensors 410 and pro 
cessed in failure management system 502 can be stored in a 
data repository 354. Data repository 354 of IC product 350 



US 2015/02415 11 A1 

may remain intact even where IC product 350 fails, e.g., by 
being isolated from parts of IC product 350 that are suscep 
tible to damage. Some or all of the IC products 350 can 
include reliability model 306 or a portion thereof, which can 
interact with other subcomponents 352 of IC product350. IC 
product350 can also include a data exchange device 504 (e.g., 
a port, bus, wireless communication protocol device, etc.) for 
delivering data from an operational or failed IC product350 to 
another system or device, such as manufacturing line 500. 
0036. After IC product 350 is deployed and/or some IC 
products 350 have failed, manufacturing line 500 can receive 
data from data repository 354 of IC product 350 by reading 
and/or obtaining data from IC product 350. Manufacturing 
line 500 can obtain data using any currently known or later 
developed data exchange method, e.g., through data 
exchange device 504. Thus, several IC products 350 (shown 
in phantom) are shown as providing data to reliability model 
306 of manufacturing line 500. Reliability model 306, upon 
obtaining data from IC products 350, can analyze and adjust 
the predicted operating conditions, properties, etc., for IC 
products 350 produced with manufacturing line 500. 
Example methods for analyzing information from IC prod 
ucts 350 to update reliability model 306 are described in detail 
elsewhere herein. Reliability model 306 can also be in com 
munication with a potential defect list 506 which stores a 
library of potential defects for each IC product 350. Potential 
defect list 506 can be arranged according to the relative prob 
ability of each defect. A user or system of manufacturing line 
500 may adjust the timing and characteristics of particular 
manufacturing steps to accommodate the changing likelihood 
of defects found in potential defect list 506. In the event that 
updating reliability model 306 changes the relative probabil 
ity of a defect on potential defect list 506, methods of the 
present disclosure can include changing the order of potential 
defect list 506. In turn, a user or system of manufacturing line 
500 can change some manufacturing steps to account for the 
increased or decreased priority of a particular defect indicated 
with potential defect list 506. 
0037 To monitor product quality, reliability model 306 
and/or potential defect list 506 can communicate with a line 
defect center 508 for storing performance values, e.g., “defect 
density' and/or “defect rate of manufacturing line 500. The 
term “defect density,” as used herein, can refer to the occur 
rence or likelihood of defects on a particular type of IC 
product 350, or within a particular area or sub-system of IC 
product 350. Line defect center 508 can allow users of manu 
facturing line 500 to adjust the characteristics of a particular 
manufacturing step to account for the true frequency of par 
ticular product defects. Manufacturing line 500 can also 
include one or more manufacturing sensors 510 in commu 
nication with reliability model 306, potential defect list 506, 
and/or line defect sensor 508. Manufacturing sensor 510 can 
analyze the material properties of IC products 350 produced 
with manufacturing line 500 to determine whether aging or 
failure data from each IC product 350 is based on unexpected 
product operating conditions of each IC product350 or errors 
within manufacturing line 500. 
0038 A central tracking system 520 may be in communi 
cation with one or more IC products 350. Central tracking 
system 520 may be part of the same system, product, etc. in 
which IC product 350 is used, or may be a completely differ 
ent system located at a remote site. Central tracking system 
520 can include data repository 354 for storing data of prod 
uct operating conditions for several IC products 350. Reli 

Aug. 27, 2015 

ability model 306 of manufacturing line 500 can be in com 
munication with central tracking system 520 through any 
currently known or later developed data coupling (whether 
wired or wireless) to obtain data for updating reliability 
model 306. By including central tracking system 520 with 
data repository 354 as a hub for several IC products 350 and 
manufacturing line 500, some data can be stored and retrieved 
despite failures which may damage or destroy information 
stored on IC product 350 itself. 
0039 Referring to both FIG. 2 and FIG. 5, a method for 
managing manufacturing defects according to an embodi 
ment of the present disclosure is shown. Methods of the 
present disclosure can include manufacturing several IC 
products 350 with a particular manufacturing line 500 (FIG. 
4) in step S1. Methods according to the present disclosure can 
include dividing the deployed IC products 350 into groups to 
be examined in step S2. IC products 350 can be grouped 
according to any desired metric, including types of IC prod 
ucts 350 produced with manufacturing line 500 (FIG. 4). For 
example, three IC products with different designs but manu 
factured by the same manufacturing line can be assigned to 
three corresponding groups in step S2. 
0040. In step S3, determinator 320 of computer system 
302 can determine a cumulative aging parameter for each IC 
product 350 in the group. To compute a cumulative aging 
parameter, embodiments of the method disclosed herein can 
use on-product and/or manufacturing sensors (e.g., sensors 
410 (FIG.3) and/or manufacturing sensors 510 (FIG. 4)) such 
as temperature sensors, Voltage sensors, current sensors, tim 
ers and/or any other Such sensors as may be deployed and/or 
included in any device of the computing system that embodi 
ments can access and/or use and/or from which computer 
system 302 can otherwise receive a value related to a particu 
lar parameter for which the sensor is deployed. The measured 
operating condition values can be used to determine, e.g., a 
total operating time or effective operating time for each IC 
product350, which can be subtracted in reliability model 306 
from a predicted remaining time to replace the IC product. 
Some mathematical relationships for determining total and/ 
or effective operating time of each IC product 350 are dis 
cussed herein. The effective operating time can be more or 
less time than has actually elapsed, depending on the particu 
lar operating conditions and/or circumstances. As discussed 
elsewhere herein, computer system 302 can determine 
whether to update reliability model 306 to accurately reflect 
the conditions under which IC products 350 operate. 
0041 Sources of aging in an IC product can include the 
degradation of circuitry from electromigration. Electromi 
gration is the transport of material caused by the gradual 
movement of the ions in a conductor due to the momentum 
transfer between conducting electrons and diffusing metal 
atoms. The effect is important in applications where high 
direct current densities are used, such as in microelectronics 
and related structures. As the structure size in electronics Such 
as integrated circuits (ICs) decreases, the practical signifi 
cance of this effect increases. In situations where temperature 
and Voltage-dependent phenomena Such as electromigration 
affect a product, the tracked operating condition can include 
temperature T, and an effective operating temperature for a 
given interval At can be determined using a relationship 
including: 
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- T, AH top 2, At; () 

where T is effective temperature in the time domain, t is 
operation time of the device, T, is a design operating tem 
perature, T, is a measured temperature at a respective tracking 
interval, At, is the respective tracking interval, AH is elec 
tromigration activation energy, and k is Boltzmann's con 
stant. Thermal acceleration can vary as between different 
Sources of aging, and the relationship above can be modified 
accordingly to accommodate different causes of aging and/or 
failure. Thus, while the description includes details about 
electromigration as a source of aging, it should be understood 
that embodiments of the invention disclosed herein can be 
applied to other sources of aging and/or failure. 
0042. In addition or alternatively, certain cumulative aging 
parameters can be related to other product operating condi 
tions, such as a space domain effective temperature for each 
device. For example, an IC product 350 can include multiple 
sensors 410, each of which can monitor one or more elements 
(e.g., Sub-systems, regions, circuits, components, etc.) of IC 
product350. Since temperature may not be uniform across IC 
product 350, an effective temperature for the entire IC can be 
determined using the values provided by sensors 410. Such as 
by using the relationship: 

it. 
i 

f(Teff) = X. f(T), 

where f(T,) is the failure probability per element at measured 
T. T. is effective temperature in the space domain, N is a 
total number of elements contributing to the corresponding 
Source of aging (in this example, electromigration), M is the 
total number of temperature sensors used, T, is a temperature 
of a respective sensor, and n, is a number of elements tracked 
by a respective sensor. 
0043. Using one or both effective temperatures, a cumu 
lative aging parameter in the form of effective operating time 
can be determined, such as by using the relationship: 

AH ( --- Tr) = At. ei des self 

where t is effective operating time or time of operation, 
T is effective temperature in the space domain, M is the 
total number of temperature sensors used, T is a design or 
nominal operating temperature of the device, k is Boltz 
mann’s constant, and At, is the actual elapsed time of opera 
tion. While particular examples of relationships that can be 
employed to determine effective temperature, total operating 
time, and other factors are discussed, it should be apparent 
that any suitable relationship can be employed within the 
Scope of the present disclosure. 
0044. In step S4, comparator 322 of computer system 302 
can compare the cumulative aging parameter for each IC 
product 350 in the group with predicted values yielded from 
reliability model 306 for the cumulative aging parameter. In 
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step S5, determinator 320 can determine whether the 
observed values for the cumulative aging parameter match or 
fall within a tolerance window for the predicted value(s) for 
the group in step S5. From this comparison, computer system 
302 can end the method in the event that each observed value 
matches or falls within a tolerance window for the values 
predicted with reliability model 306. In other words, reliabil 
ity model 306 need not be updated in the event that its pre 
dictions for each IC product 350 in the group are accurate. 
However, where determinator 320 determines that the 
observed values of the cumulative aging parameter are dif 
ferent from the values predicted with reliability model 306, 
the method can continue to further steps. 
0045 Embodiments of the present disclosure can compare 
the number of defects relative to total number of units (“de 
fect rate”) against a predicted defect rate yielded from reli 
ability model 306. In step S6, calculator 324 can compute a 
defect rate for the group of IC products 350. Specifically, a 
“defect” as used herein may refer to situations where manu 
facturing errors, design problems, etc., cause an IC product 
350 to degrade or fail more quickly than reliability model 306 
predicts. Reliability model 306 may anticipate a particular 
defect rate of defective IC products 350 based on predictive 
data and/or previously manufactured groups of products. In 
step S7, determinator 320 can determine whether the 
observed defect rate of the group of IC products 350 matches 
or is substantially equal to the predicted defect rate from 
reliability model 306. Where the defect rate is at least sub 
stantially equal to the rate predicted with reliability model 
306 (i.e., equal to, within a tolerance window or specified 
range for the predicted rate), computer system 302 may take 
no further action because reliability model 306 accurately 
predicted the defect rate for this group. Where the computed 
defect rate is not substantially equal to what reliability model 
306 predicts, however, computer system 302 can adjust reli 
ability model 306 in step S8. 
0046. In step S8, modeling module 326 can adjust reliabil 
ity model 306 based on the predicted defect rate for the group 
of semiconductor devices 350 being different from the 
observed defect rate. In some situations, adjusting reliability 
model 308 in step S8 can include adjusting the relationship 
between one or more product operating conditions and any 
corresponding cumulative aging parameters (e.g., by increas 
ing or decreasing the value of particular coefficients). In other 
cases, adjusting reliability model 306 can include changing 
the predicted values of certain operating conditions (e.g., 
temperature and/or voltage) based on the effective values for 
operating conditions being Substantially different from their 
predicted values during operation. In still other cases, step S8 
can include generating a new reliability model 306 in 
response to the observed data and/or input from a user or 
components of another system. 
0047 Methods according to the present disclosure can 
optionally include further analysis and data collection steps 
for each IC product350. As shown in FIG. 5, methods of the 
present disclosure can include determining a root failure 
cause in step S9 (shown in phantom) for failed IC products 
350, if any. Diagnostic module 330 of computer system 302 
can determine a root failure cause for any failed IC products 
350 before, after, or simultaneously with determining and 
analyzing the cumulative aging parameters and defect rate for 
the group. Diagnostic module 330 can include circuitry, pro 
grams, etc., for deriving a root failure cause from data 
obtained from a particular IC product 350. For example, 
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where failed IC products 350 have failed, diagnostic module 
330 can identify whether a particular source of aging (e.g., 
electromigration) caused the unit to fail by examining the 
corresponding history of product operating conditions (tem 
peratures, Voltages, etc.) and by mathematically determining 
(e.g., by formula, look-up table, etc.) whether the particular 
source of aging caused IC product350 to fail. The root failure 
cause can be communicated to modeling module 326 for 
adjusting reliability model 306. 
0048 Steps S2-S7 and S9 are grouped together in FIG. 5 
and designated as P10 (shown in phantom) for the sake of 
illustration and convenience. Further discussion herein 
includes other steps which may occur before and after the data 
collection and comparison steps shown in FIG. 5. 
0049 Turning to FIGS. 2 and 6, another example method 
for managing semiconductor manufacturing defects accord 
ing to an embodiment of the present disclosure is shown. 
Before manufacturing IC products 350 in step S1 and/or after 
adjusting reliability model 306 in step S8, methods according 
to the present disclosure can optionally include a step S11 for 
using reliability model 306 to predict new cumulative aging 
parameters for other IC products 350. Specifically, in step 
S11, calculator 322 can use reliability model 306, in addition 
to a predicted set of operating conditions, the defect rate 
computed in step S6, and/or any root failure causes deter 
mined in step S11, to predict the aging of other IC products 
350. In an example embodiment, calculator 322 can input 
data into reliability model 306 to predictatotal operating time 
of other IC products 350 produced with manufacturing line 
500 (FIG. 4). In addition, systems and/or users of manufac 
turing line 500 (FIG. 4), can adjust particular manufacturing 
steps based on the predicted cumulative aging parameters 
yielded in step S11, if desired. The method can then return to 
step S1 to manufacture and deploy additional IC products 
350. 

0050. In addition or alternatively, methods according to 
the present disclosure can include other defect management 
steps. With the adjusted form of reliability model 306, calcu 
lator 322 of computer system 302 can calculate a “manufac 
turing defect density” value in step S12. The term “manufac 
turing defect density, as described elsewhere herein, can 
generally refer to the occurrence or likelihood of defects on a 
particular IC product 350, or within a particular area or sub 
system of IC product 350. Methods of the present disclosure 
can also include computing several manufacturing defect 
densities for different types of products and/or defects. 
0051 Methods of the present disclosure can optionally 
include further actions for managing semiconductor manu 
facturing defects. After calculating a manufacturing defect 
density value in step S12, methods of the present disclosure 
can include prioritizing module 328 assigning relative prob 
ability values to each known or potential semiconductor 
manufacturing defect in step S13. Each relative probability 
value can represent the likelihood of a particular defect occur 
ring relative to other defects. Several possible defects can be 
listed in potential defect list 506 (FIG. 4). In step S13, each 
defect within defect list 506 (FIG. 4) can be ranked from 
highest probability to lowest probability. Where the probabil 
ity of a defect changes after adjusting reliability model 306, 
prioritizing module 328 can reprioritize each defect within 
defect list 506 (FIG. 4) to reflect current data. Thus, potential 
defect list506 (FIG.5) of manufacturing line 500 (FIG. 4) can 
be updated to reflect the actual probability of particular 
defects in embodiments of the present disclosure. 
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0052. In another embodiment, methods according to the 
present disclosure can include measuring a production 
parameter for each IC product350 with manufacturing sensor 
510 (FIG. 4) in step S14. Measurements collected with manu 
facturing sensors 510 (FIG. 4) can identify which defects 
originate from production parameters or errors in manufac 
turing line 500 (FIG. 4), as opposed to defects which may 
occur during operation of an IC product 350. The production 
parameters measured in step S14 can be factored into the 
predicted cumulative aging parameters calculated with reli 
ability model 306 in step S11, and/or used directly to adjust 
reliability model 306 as shown by the corresponding process 
flow shown in phantom. 
0053. Following the assigning of relative priorities in step 
S13, the method can conclude with manufacturing line 500 
(FIG. 4) continuing to operate with the adjusted version of 
reliability model 306 and/or other calculated quantities. 
Alternatively, embodiments of the present disclosure can 
repeat the steps discussed herein in a repeating loop to further 
adjust reliability model 306. 
0054 As will be appreciated by one skilled in the art, 
aspects of the present invention may be embodied as a system, 
method or computer program product. Accordingly, aspects 
of the present invention may take the form of an entirely 
hardware embodiment, an entirely software embodiment (in 
cluding firmware, resident software, micro-code, etc.) or an 
embodiment combining software and hardware aspects that 
may all generally be referred to herein as a “circuit,” “mod 
ule' or “system.” Furthermore, aspects of the present inven 
tion may take the form of a computer program product 
embodied in one or more computer readable medium(s) hav 
ing computer readable program code embodied thereon. 
0055 Any combination of one or more computer readable 
medium(s) may be used. A computer readable storage 
medium may be, for example, an electronic, magnetic, opti 
cal, electromagnetic, infrared, or semiconductor system, 
apparatus, or device, or any Suitable combination of the fore 
going. More specific examples (a non-exhaustive list) of the 
computer readable storage medium would include the follow 
ing: an electrical connection having one or more wires, a 
portable computer diskette, a hard disk, a random access 
memory (RAM), a read-only memory (ROM), an erasable 
programmable read-only memory (EPROM or Flash 
memory), an optical fiber, a portable compact disc read-only 
memory (CD-ROM), an optical storage device, a magnetic 
storage device, or any suitable combination of the foregoing. 
In the context of this document, a computer readable storage 
medium may be any tangible medium that can contain, or 
store a program for use by or in connection with an instruction 
execution system, apparatus, or device. 
0056 Program code embodied on a computer readable 
medium may be transmitted using any appropriate medium, 
including but not limited to wireless, wireline, optical fiber 
cable, RF, etc., or any Suitable combination of the foregoing. 
Computer program code for carrying out operations for 
aspects of the present invention may be written in any com 
bination of one or more programming languages, including 
an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro 
gramming languages, such as the “C” programming language 
or similar programming languages. The program code may 
execute entirely on the user's computer, partly on the user's 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
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on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 
through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 
0057 Aspects of the present invention are described above 
with reference to flowchart illustrations and/or block dia 
grams of methods, apparatus (systems) and computer pro 
gram products according to embodiments of the invention. It 
will be understood that each block of the flowchart illustra 
tions and/or block diagrams, and combinations of blocks in 
the flowchart illustrations and/or block diagrams, can be 
implemented by computer program instructions. These com 
puter program instructions may be provided to a processor of 
a general purpose computer, special purpose computer, or 
other programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro 
cessing apparatus, create means for implementing the func 
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 
0058. These computer program instructions may also be 
stored in a computer readable medium that can direct a com 
puter, other programmable data processing apparatus, or 
other devices to function in a particular manner, Such that the 
instructions stored in the computer readable medium produce 
an article of manufacture including instructions which imple 
ment the function/act specified in the flowchart and/or block 
diagram block or blocks. The computer program instructions 
may also be loaded onto a computer, other programmable 
data processing apparatus, or other devices to cause a series of 
operational steps to be performed on the computer, other 
programmable apparatus or other devices to produce a com 
puter implemented process Such that the instructions which 
execute on the computer or other programmable apparatus 
provide processes for implementing the functions/acts speci 
fied in the flowchart and/or block diagram block or blocks. 
0059. The flowchart and block diagrams in the Figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods and computer 
program products according to various embodiments of the 
present invention. In this regard, each block in the flowchart 
or block diagrams may represent a module, segment, or por 
tion of code, which comprises one or more executable 
instructions for implementing the specified logical function 
(s). It should also be noted that, in some alternative imple 
mentations, the functions noted in the block may occur out of 
the order noted in the figures. For example, two blocks shown 
in Succession may, in fact, be executed Substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. It will also 
be noted that each block of the block diagrams and/or flow 
chart illustration, and combinations of blocks in the block 
diagrams and/or flowchart illustration, can be implemented 
by special purpose hardware-based systems that perform the 
specified functions or acts, or combinations of special pur 
pose hardware and computer instructions. 
0060. As used herein, the term “configured.” “configured 
to” and/or “configured for can refer to specific-purpose fea 
tures of the component so described. For example, a system or 
device configured to perform a function can include a com 
puter system or computing device programmed or otherwise 
modified to perform that specific function. In other cases, 
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program code stored on a computer-readable medium (e.g., 
storage medium), can be configured to cause at least one 
computing device to perform functions when that program 
code is executed on that computing device. In these cases, the 
arrangement of the program code triggers specific functions 
in the computing device upon execution. In other examples, a 
device configured to interact with and/or act upon other com 
ponents can be specifically shaped and/or designed to effec 
tively interact with and/or act upon those components. In 
Some Such circumstances, the device is configured to interact 
with another component because at least a portion of its shape 
complements at least a portion of the shape of that other 
component. In some circumstances, at least a portion of the 
device is sized to interact with at least a portion of that other 
component. The physical relationship (e.g., complementary, 
size-coincident, etc.) between the device and the other com 
ponent can aid in performing a function, for example, dis 
placement of one or more of the device or other component, 
engagement of one or more of the device or other component, 
etc 

0061 The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the disclosure. As used herein, the singular 
forms “a,” “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises' and/ 
or “comprising, when used in this specification, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 
0062. This written description uses examples to disclose 
the invention, including the best mode, and to enable any 
person skilled in the art to practice the invention, including 
making and using any devices or systems and performing any 
incorporated methods. The patentable scope of the invention 
is defined by the claims, and may include other examples that 
occur to those skilled in the art. Such other examples are 
intended to be within the scope of the claims if they have 
structural elements that do not differ from the literal language 
of the claims, or if they include equivalent structural elements 
with insubstantial differences from the literal language of the 
claims. 

What is claimed is: 
1. A method of managing semiconductor manufacturing 

defects, the method comprising: 
determining a cumulative aging parameter for each of a 

plurality of first IC products produced with a particular 
manufacturing line, the cumulative aging parameter 
being dependent on a product operating condition; 

calculating an observed defect rate for the plurality of first 
IC products based on a difference between a predicted 
value of the aging parameter and the cumulative aging 
parameter for each of the plurality of first IC products; 
and 

adjusting a manufacturing reliability model for the particu 
lar manufacturing line in response to the observed defect 
rate being different from a predicted defect rate for the 
plurality of first IC products. 

2. The method of claim 1, wherein the cumulative aging 
parameter includes a total operating time. 

3. The method of claim 1, wherein the plurality of first IC 
products includes a failed IC product. 
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4. The method of claim 3, further comprising determining 
a root failure cause for the failed IC product based on the 
cumulative aging parameter. 

5. The method of claim 4, wherein the adjusting of the 
manufacturing reliability model includes adjusting a variable 
related to the root failure cause of the failed IC product. 

6. The method of claim 1, wherein the product operating 
condition includes one of a temperature and a Voltage. 

7. The method of claim 1, further comprising calculating a 
manufacturing defect density based on the observed defect 
rate. 

8. The method of claim 7, further comprising assigning a 
relative probability to each of a plurality of potential semi 
conductor manufacturing defects based on the manufacturing 
defect density. 

9. The method of claim 1, further comprising determining 
a production parameter for each of the plurality of IC products 
with a manufacturing sensor, wherein the adjusting of the 
manufacturing reliability model is further in response to the 
determined production parameter. 

10. The method of claim 1, further comprising: 
determining the cumulative aging parameter for each of a 

plurality of second IC products produced with the par 
ticular manufacturing line; and 

calculating an observed defect rate for the plurality of 
second IC products based on a difference between the 
cumulative aging parameter of each of the second IC 
products and a predicted value of the cumulative aging 
parameter for each of the plurality of second IC prod 
ucts; 

wherein the adjusting of the manufacturing reliability 
model for the particular manufacturing line further 
includes adjusting variables based on the observed 
defect rate for the plurality of second IC products being 
different from a predicted defect rate for the plurality of 
second IC products. 

11. A system for managing semiconductor manufacturing 
defects, the system comprising: 

a determining component which determines a cumulative 
aging parameter for each of a plurality of IC products 
produced with a particular manufacturing line, the 
cumulative aging parameter being dependent on a prod 
uct operating condition; 

a calculating component which calculates an observed 
defect rate for the plurality of IC products based on a 
difference between a predicted value of the aging param 
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eter and the cumulative aging parameter for each of the 
plurality of IC products; and 

a modeling component which adjusts a manufacturing reli 
ability model for the particular manufacturing line in 
response to the observed defect rate being different from 
a predicted defect rate for the plurality of IC products. 

12. The system of claim 11, wherein the cumulative aging 
parameter includes a total operating time. 

13. The system of claim 11, wherein the plurality of IC 
products includes a failed IC product. 

14. The system of claim 13, further comprising a diagnostic 
component which determines a root failure cause for the 
failed IC product based on the cumulative aging parameter. 

15. The system of claim 14, wherein the modeling compo 
nent further adjusts variables of the manufacturing reliability 
model based on the root failure cause for the failed IC prod 
uct. 

16. The system of claim 11, wherein the product operating 
condition includes one of a temperature and a Voltage. 

17. The system of claim 11, wherein the calculating com 
ponent further calculates a manufacturing defect density 
based on the observed defect rate. 

18. The system of claim 11, further comprising a prioriti 
Zation component which assigns a relative probability to each 
of a plurality of potential semiconductor manufacturing 
defects based on the manufacturing defect density. 

19. The system of claim 11, further comprising a central 
data repository which stores the cumulative aging parameters 
of each of the plurality of IC products. 

20. A program product stored on a computer readable 
storage medium, the program product operative to manage 
semiconductor manufacturing defects when executed, the 
computer readable storage medium comprising program code 
for: 

determining a cumulative aging parameter for each of a 
plurality of IC products produced with a particular 
manufacturing line, the cumulative aging parameter 
being dependent on a product operating condition; 

calculating an observed defect rate for the plurality of IC 
products based on a difference between a predicted 
value of the aging parameter and the cumulative aging 
parameter for each of the plurality of IC products; and 

adjusting a manufacturing reliability model for the particu 
lar manufacturing line in response to the observed defect 
rate being different from a predicted defect rate for the 
plurality of IC products. 
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